Unsynchronized flowering behavior and low fruit set are phenomenon that resulted in low production of mango fruit. The effects of a chemical inducing substance, potassium nitrate (KNO 3 ), on enhancement of flowering on the mango clone 'Chok Anan' (MA 224) and, ultimately, the fruit production were studied. Initially, 12-month-old and 5-year-old mango trees were sprayed with 1%, 2%, and 5% KNO 3 . The 5-year-old mango trees showed earlier flowering and higher fruit set with 2% KNO 3 followed by 5% and 1% KNO 3 . However, only 1% KNO 3 initiated flowering on young mango trees. In conclusion, the flowering response to KNO 3 depends on the age of tree.
INTRODUCTION
Total world mango (Mangifera indica) production reached over 30 million tonnes in 2009, making mango one of the five most important fruit species worldwide together with banana, orange, grape, and apple. China, Thailand, Indonesia, Pakistan, Mexico, Brazil, and Bangladesh are major producing countries. India is the largest producer, accounting for more than three-fifths (with over 13 million tonnes) of world production (FAOSTAT, 2009) .
The popular mango clones planted in Malaysia are 'Harumanis' (MA128), 'Chok Anan' (MA 224), 'Masmuda' (MA 204) , 'Sala', 'Siam Panjang' (MA 205) , 'Nam Dorkmai' (MA 223) , and 'Laris' (MA 154) . However, mango growers in Malaysia face a problem of inconsistency in fruit production mainly due to inconsistent flowering behavior. The mango production in Malaysia is generally better in areas in the northern regions, such as Perlis, Kedah, and Northern Perak, which has a distinct dry period that is suitable for mango trees to initiate flowering (Rukayah, 1989) .
Good flowering is necessary to obtain high fruit set and yield. Flowering is unreliable because the environmental signals for flower initiation are often inconsistent, subtle, or poorly defined. Knowledge of the factors that control flower initiation in mango trees is very limited. Although chemical flower inducing substances have been tested for promoting/inhibiting flower production in mango in different countries, their effects have been limited to certain cultivars and geographical locations. Therefore, the chemical inducing substances and application rates that can promote or induce flowering were tested under local conditions for the locally available mango cultivars. Hence, the aim of this study was to determine the influence of different application rates of the chemical inducing substance, potassium nitrate (KNO 3 ), on the enhancement of flowering in the mango clone 'Chok Anan' (MA 224) and, ultimately, fruit production.
MATERIALS AND METHODS
A field experiment was conducted at the Field Agriculture Unit 2, University Putra Malaysia, Serdang, Selangor, Malaysia (3 • 20 N; 101 • 14 E). One-and five-year-old mango trees of the clone 'Chok Anan' (MA 224) were used for the test. The plants were subjected to three treatments of spray application with either 1% KNO 3 , 2% KNO 3 , or 5% KNO 3 onto mango shoots at 2week intervals until flower initiation. Sapol was used in the spray solution as a wetting agent. The experiment was arranged in a randomized complete block design (RCBD). Treatments were started in early May 2011.
The parameters recorded were panicle length (cm), flowering intensity, and fruit number. Flowering intensity in terms of the percentage of shoots that flowered in the canopy was assessed on selected branches. Panicle length was measured after full bloom with a few panicles being randomly sampled. The number of fruits produced per tree was recorded. Then, the collected data were analyzed by using SPSS Statistical Package Version 16 (IBM, Armonk, NY, USA).
RESULTS AND DISCUSSION
In this experiment, flowering was evident in a 5-year-old mango tree within 4 weeks after spraying with 2% (on 23 May 2011) and 5% KNO 3 (on 28 May 
2011)
, while treatment with 1% of KNO 3 (on 16 June 2011) gave a later flowering initiation response. Trees were highly responsive with 2% KNO 3 , where over 60% of the shoots flowered in the canopy (Fig. 1 ). Trees treated with 2% KNO 3 produced longer panicle lengths ( Fig. 2) and higher fruit numbers compared to other treatments. However, there was a slight decrease in panicle length when the highest rate of KNO 3 was applied (Table 1) . On the other hand, more fruit set ( Fig. 3) was noted with the 2% and 5% KNO 3 application, thus increasing the number of fruits produced (Fig. 4) .
Young mango trees treated with 1% KNO 3 initiated little flowering with the vegetative flushes ( Fig. 5 ) at 5 weeks after treatment. Flowering induction was not observed on terminal buds treated with 2% and 5% KNO 3 , but was seen only on new leaf flushes that were formed 2 months after treatment (Fig. 6 ). Due to the prevailing humidity and rainy weather conditions in June 2012 (Fig. 7) , most of the flowers dropped as a result of severe anthracnose and this caused very low fruit set (Table 2) .
Juvenility refers to the period between planting and first flowering. Juvenile trees attain phase changes before flowering and still undergo a transition period from a young to mature tree. In this study, young mango trees were smaller in size and had shorter shoots. The tree height was about 160 cm and tree circumference was 18 cm. Their leaves were retained at the last 2-3 internodes. Early flowering induction on young shoots may result in a leaf flush with no flowering response. Young trees responded occasionally and were limited to a certain period of induction. The shoots only responded with flowering induction at lower concentrations of KNO 3 due to its involvement in the plant's metabolism. Astudillo and Bondad (1978) found that the results for KNO 3 sprays were influenced by the physiological age of the plant since aged vegetative flushes (5-8 months old) responded better to KNO 3 application than young flushes.
The entire fruit industry in Malaysia is relatively small and unable to fulfill consumer demand. As a consequence, Malaysia imports substantial quantities of fruits. KNO 3 is one of the chemical inducing substances that have shown some potential for inducing flowering in mango and to enhance fruit production. It was first reported to induce off-season mango flowering by Barba in1974. The use of KNO 3 has been employed in other countries, including India (Pal et al., 1979 ), Mexico (1986 , United States (Hawaii), and also Malaysia (Omran, 1999) . The mechanism of action of KNO 3 involves a biochemical process where the reduction of nitrate to ammonia takes place. Ammonia is used in the nitrogen metabolism of plants to form amino acids and one of them is methionine. Methionine is converted to S-adenosylmethionine (SAM) and then to 1-aminocyclo-propane-1-carboxylic acid (ACC), and is finally converted to ethylene. Ethylene might be an important second messenger in plant development and is also capable of promoting flowering (Burg and Burg, 1966) .
Some previous studies suggested that KNO 3 may be a stimulus for flower initiation. KNO 3 does not induce flowering, but helped in sensitizing buds to the floral stimulus when KNO 3 is sprayed on the terminal bud of mango shoots. Kulkarni (1988) stated that the floral stimulus was already present in the shoots at the time the buds responded to KNO 3 . Lauchli et al. (2006) explained that KNO 3 might be involved in the inductive process where active components of KNO 3 might transform shoots from the vegetative phase (dormant terminal bud) to the reproductive phase (axillary spear-shaped protruberances), then grow into panicles and primary branches of panicles, and finally bear flowers.
Flowering response to KNO 3 spray in mangoes is dependent on tree condition, shoot age, environmental condition, and time of application, which may influence the endogenous GA levels (possible flowering inhibitor) in the shoot tips. Flower initiation in mangoes is inhibited or delayed at high GA levels and flowering will ensue if GA is absent or present at low levels.
CONCLUSIONS
It could be concluded that the age of the tree and shoot maturity may influence the flowering response to KNO 3 application. Treatment with 2% KNO 3 spray was identified to be the best rate of application to induce early flowering in 5-year-old 'Chok Anan' mango trees. More detailed experiments are required to explore the mode of action of KNO 3 and the mechanism for its effect during flowering induction.
